Trace volatile constituents of human urine, serum, and cerebrospinal fluid were concentrated on a porous polymer precolumn, and resolved with high-efficiency glass capillary columns. Thin-film glass columns facilitate effective resolution of underivatized compounds within the volatility range up to docosane in relatively short analysis times. Glass capillary columns coated with stationary phases of different polarity were used. Recorded volatile metabolic profiles of human urine are altered after the sample is treated with /3-glucuronidase and sulphatase. 
because with it up to several hundred constituents can be separated, detected and quantitated from one sample. Such analytical data, now generally referred to as "metabolic profiles" (1, 2) , show great promise for biochemical studies and diagnostic purposes. High-pressure liquid chromatography (3) and gasliquid chromatography (2, were identified (5) (6) (7) 10 ) by combined gas chromatography-mass spectrometry as low-molecular-weight alcohols, aldehydes, ketones, terpenes, and heterocyclic compounds. Significant differences in the profiles for volatiles in urine were found in diabetic patients as compared to normal persons (6, 7).
In the present investigation, we used glass capillary columns and a modified (11, 12) 
Materials and Methods
Twenty-four-hour urines were collected from apparently healthy laboratory workers. Interim samples were stored at 2 #{176}C. At the end of the collection, samples were divided into 100-ml aliquots and stored at -20 #{176}C in polypropylene bottles. No preservatives or diluents were used. Before headspace sampling, urine samples were brought to room temperature by immersion in a 35 #{176}C water bath.
A modified procedure of Zlatkis et al. (13) was used for headspace sampling. The 100-ml urine sample was added to 30 g of ammonium sulfate and stirred rapidly in a jacketed bottle with a bottom surface area of 96 cm2 and a total volume of 1300 ml. The bottle was maintained at 100 #{176}C with heated ethylene glycol. Purified dry helium was passed through the sampling system at 120 mi/mm. The urinary volatiles were allowed to flow through a water cooled condenser, and then through 2 mg of 2,6-diphenylp-phenylene oxide porous polymer (Tenax GC, from Applied Science Laboratories, Inc., State College, Pa. 16801) packed in a 1-mm (i.d.) glass tube maintained at 25 #{176}C. After a 30-mm sampling period, the Tenax precolurnn was transferred into the modified injection port of the gas chrornatograph.
The injection port, at 240 #{176}C, was then purged with helium carrier gas, flushing the desorbed volatiles onto a short section of glass capillary column cooled with liquid nitrogen. This cooling was stopped after 10 mm and the oven program was begun.
Before initial use, the Tenax precoiumn was conditioned with helium flow at 300 #{176}C for 12 h. The precolumn remained in the injection port during the chromatographic run. It was later removed and allowed to return to room temperature in a closed container before re-use.
Serum was obtained by high-speed centrifugation of blood collected from a laboratory worker into a Vacutainer (Becton-Dickinson, Rutherford, N. J. 07070) collecting tube. The unpreserved serum was stored (less than 2 h) at 2 #{176}C before sampling. A 15-ml aliquot of serum (without ammonium sulfate added) was sampled as described above for 3.5 h. An 11-rn! aliquot of cerebrospinal fluid from a patient with intervertebral disc problems (sample provided by Dr. Robert L. Wolen, Eli Lilly Clinical Research, Indianapolis, md. 46202, and stored previously at -10 #{176}C) was sampled with the same procedure used for serum.
To investigate the volatiles produced by the cleavage of urinary glucuronides and sulfates, the method of Horning and Horning (17) as applied to urinary steroids was modified. A 100-rn! sample of urine was adjusted to pH 4.5 with 50% phosphoric acid (acetic acid obscured the chromatogram and could not be used). An 0.2-ml aliquot of Giusulase [a mixture of -glucuronidase (EC 3.2.1.31) and sulphatase (EC 3.1.6.1); ENDO Laboratories, Inc., Garden City, N. J.] was added to the urine and the mixture was incubated for 18 h at 37 #{176}C, with gentle stirring. The sample was then readjusted to pH 5.5 with potassium hydroxide (400 g/iiter), another 0.2 ml of the enzyme preparation was added, and the mixture incubated for an additional 18 h. A 50-ml portion of this urine was then sampled as described above for untreated urine.
All chromatograms were obtained with a Model 1400 gas chromatograph equipped with a flame-ionization detector and a modified injection system (Varian Associates, Palo Alto, Calif. 94303). The injector and detector temperatures were 240 and 265 #{176}C, respectively.
Glass capillary columns used in this study were coated with GE SF-96 methylsilicone oil or Emulphor ON-870 (Applied Science Laboratories). The former columns were made from Pyrex glass and silylated before they were coated (18). The Emulphor phase was coated on a soft-glass capillary pretreated by carbonization (19) . Helium carrier gas was used throughout the experiments. Retention times for reference compounds were measured on both types of columns under identical conditions of precolumn sampling. The compounds were applied onto the Tenax precolumn as cyclohexane solutions, and excess solvent was evaporated at room temperature before the usual sampling procedure.
Results and Discussion
The metabolic profiles should be more or less affected by several factors: genetic make-up, nutritional status, diurnal and seasonal variations, physical exercise, and physiological and clinical status (20 
